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COMF!RESSOR, COMBUSTOR, AmD &II?E COMPOlW!KI!S OF 

PROTOTYPE J47D (RM-1) TUFBOJEIC EmGINE 

By John M. Farley 

As a portion of an mer-& performance investigation of the pro- 
totype J47D (=-1) turbojet engine, the performance of cwressor ,  com- 
bustor, and turbine components was determined in  the Lsid.s altitude wind 
tunnel over a range of altitudes from 5000 to 55,000 feet  and at f l ight  
Mach nmibers from 0.19 t o  0.92. Investigations were conducted with the 
engine  operating on an electronic  control schedule and a lso  with a two- 
lever  control system by  which fuel flow and exhaust-nozzle ma. could 
be controlled separately. Two conibustion-chamber configurations were 
investigated. 

Peak  compressor efficiency  occurred in  the range of corrected 
engine speeds from 6000 to 6500 rpm f o r  a l l  flight conditions  investi- 
gated. A mEudrrmm conTpressor efficiency of 86 percent was obtained a t  
89 altitude of 5000 feet, a flight Mach mer of 0.19, Etnd a corrected 
engine speed of 6000 rpm. Compressor efficiency decreased with increas- 
ing altitude because of the  reduction i n  cgmgressor  Reynolds  nunher. 
Reynolds number had no effect on corrected air f l o w  at altitudes below 
25,000 feet   but  at  higher altitude air flow  decreased with  decreasing 
Reynolds number. 

When the engine speed or  the flight Mach m e r  was Increased,  or 
when the  altitude was reduced, an increase occurred i n  c d u s t i o n   e f f i -  I 

ciency, primarily because of the corresponding inerease in conbustion- 
M e r  inlet pressure aSa temperature. Cdustion  efficiencies fo r  all 
flight conditions  investigated  correlated when p lo t ted  as a  function of 

the  fuel-air  ratio and the combustion-chaniber parameter - where 

P3, T5, and V3 are  the  stqgnation  pressure,  stagnation  teqperature, and 
velocity,  respectively, at  the combustor inlet .  

P3T3 
v3 
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FW engine  speeds  over 4000 rpm, turbine-efficiency  values were 
between 79 and 86 percent  for  altitudes from 5000 to 55,000 feet and a 
flight  Mach number of 0.19. Variations of exhaust-nozzle area or  of 
flight Mach  number from 0.19 to 0.92 had no appreciable  effect on tur- 
bine  efficiency. 

An extensive  investigation was conducted in the WCA Laris altitude 
wind tunnel to deternine the m r - u  and component  performance of the 
prototype  J47D (RXl-1) turbojet engine. previous  investigations  of an 
earlier mdel of  the 547 turbojet  engine  are  reported in references 1 
to 5. The  principal  differences  between  these  engines  were: (1) The 
diameter  of  the  first t q  stages  of  the  compressor  of  the  J47D  turbojet 
engine  was  increased  resulting in a rated-air-flow  capacity  about 3 per- 
cent  greater than earlier  models; (2) the  prototype J47D (RXL-1) turbo- 
jet  engine  is  equipped with an afterburner, a variable-area e u s t  
nozzle, and an  integrated  electronic control  system.  The  investigation 
of the  prototype  J47D (RXL-1) was d e  to  determine the effects of these 
changes, and to  determine  the  altitude  performance of the  electronic 
control  system.  Engine  performance  and  operational  characteristics  axe 
reported  in  references 6 to 8. 

The  steady-state  performance  characteristics of compressor, com- 
bustor,  and turbbe colqeonents  while  the  engine WBS operating on the 
electronic  control  schedule  at  simulated  altitudes from 5000 to 
55,000 feet  with a flight Mach number  of 0.19, and with flight  Mach 
nunibers f'rom 0.19 to 0.92 at 8.n altitude of 25,000 feet is presented 
herein. In addition  to  the data obtained on the  control  schedule, data 
are presented  showing  the  effect qf w i n g  the  exhaust-nozzle  area at 
each  of  several  fixed  engine  speeds at simulated  altitudes  of 15,000 
and 45,000 feet  with a flight Mach  nuniber  of 0.19. During  the  investi- 
gation,  the  engine  combustion  chambers  were  modified  to  improve  the 
altitude  starting  characteristics. A comparison  of the performance 
characteristics of the  original and modified  colnbustors is included 
herein.  Component-performance data are  presented in tabular  form  as 
weU. as graphical form. 

The J47D turboget  engine  (without  afterburning) has a sea-level 
static-thrust  rating of 5670 pounds with an engine  speed  of  7950 r p m  and 
a turbine-outlet-gas  temperature  of 1275' F. A more  detailed  descrfp- 
tion  of t h e  engine  is  given in reference 7. The  electronic  control was 
scheduled for a compromise  between  optimum  steady-state  performance Etnd 
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the  desired  acceleration  characteristics of the erne. In steady-state 
were  considered  scheduled as a function  of  the  position of the  thrust 
selector. 

- operation  without  afterburnin@;,  engine  speed and e&aust-nozzle area 

lc 
0 
K) 
N Campressor. - m e  12-stage  axi&-ffow-compressor  rotor  (fig. l(a)) 

has an  outside  diameter.of 30.1 irfches at the  leading  edge  of  the  first- 
stage  blading asd f r o m  the third. stage aft, the  blade  tip  diameter  is 
constant at 28.9 inches.  The  compressor has a single row of inlet guide 
vanes  and a double  row of outlet  guide  vanes.  The cwressor rated air 
flow is 99 pounds  per  second  at a pressure  ratio of s:1. 

Cdustors. - Two combustor  configurations  were  used in this 
investigation. ~n order  to  -rove  the  al"titude s t a r t i n g  characteris- 
tics, *he original  ConibustQrs  were  modified  by  increasing  the  size gf 
the  cross-fire  tubes  (fig. l(b)), by  adding  deep  immersion,  Opposite 
polarity spark plugs and by Etdding baffles  to SOB of the  secondary air 
holes in the  conibustor  liners  to  firect  the  air flow to the center  of 
the codustion zone  (fig.  l(c)). 

Each of the  eight  combustors had a duglex  fuel  nozzle  to maintain 
a desirable mel-spray pattern  for  both high and low fuel flows. An 
automatic flow divider  distributed  the  fuel  between  the high-flm and 
the law-flow sections  of  the  nozzles. 

-bine. - The  single-stage  imlpulse  turbine  rotor  had a tip diam- 
" .  

eter  of 34.3 inches and a blade  height  of 3 inches.  The  turbine  rotor 
is shown in figure l(d). 

Installation. - The  engine  was mounted on a wing Fn the wind- 
tuzlnel  test  section. Dry  refrigerated a i r  was supplied to the  engine 
inlet through a duct  from  the  tunnel  make-up air system. In this sys- 
tem,  air is throttled from appro-tely  sea-level  pressure  to an 
engine-inlet  stagnation  pressure  corresponding  to  the  desired  flight 
condition. 

Instrumentation. - Location of the  instrumentation  used  to  deter- 
mine  component  performance  is sham in figure 2. The  temperatures 
measured  at  the  exhaust-nozzle  inlet  (station 8) were  used a s  the 
turbine-outlet tqeratures because  it was found  that  the  temperatures 
measured at station 6 were  effected  by  radiation  because of the prox- 
imity of the  turbine. T 
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The  pressures  at  stations 1, 6, Ebnd 8 were  measured  with  Alkazene 
manometers,  whereas  those  at  stations 3 and 4 were  measured.with  mer- 
cury  manometers.  The  temgeratures  at  stations 1 and 3 were  measured 
with  iron-constantan  thermocouples and those  at  stations 6 and 8 were 
measured  with  cromel-alumel  thermocouples.  The  values  of  pressure  and 
temperature  used  to  de.termine  conponent  performance  were  arithmetic 
averages of the  values  measured  at  each  station. 

For unscheduled  engine  operation, a two-level  control  system was 
employed  by which engine  speed e.& exhaust-nozzle  area  were  controlled 
.separately.  With  this  system  and  with  the  original  combustors 
installed,  data  were  obtained  over a rasge  of  exhaust-nozzle areas at 
several.  fixed  engine  speeds,  at  altitudes  of 15,000 and 45,000 feet, 
and a flight  Mach  nmiber  of 0.19. 

With  the  engine on the  electronic  control  schedule  and  with  the 
original  combustors  installed,  data  were  obtained  at  simulated  altitudes 
from 5000 to 55,000 feet  Kith a flight Mach n-er  of 0.19, and at 
25,000 feet with simulated  flight Mach numbers from 0.19 to 0.92. With 
the  modified  canbustors  installed,  data.were  obtained  at  altitudes of 
6000, 35,000, and 45,000 feet  with a flight Mach number of 0.19. 

The  compressor-inlet  stagnation  pressure was set to correspond  to 
the  desired  flight  condition assuming 100-percent  diffuser  recovery. 
The  inlet-stagnation  tenrgeratures  were  set  at NACA standard  values  for 
each  flight  condition,  except  that  temperatures  below  437O R could  not 
be  obtained. 

Fuel  conforming t o  specification MIL-F-5624 .(AN-F-58a) with a 
lower heating  value  of 18,900 Btu  per pound was used  throughout  the 
investigation. .. 

Symbols used i n  this  report  are  defined  in  sppendix A and  the 
method  used  in  calculating gas f l q w  is included in appendix B. Methods 
used  in  calculating  flight  Mach  number,  temperature, and turbine  effi- 
ciency  are  presented in reference 4. Methods  of  calculating  compressor 
asd colnbustion  efficiency  axe  given i n  references 2 and 5, respectively. 

RESWS AZJD DISCUSSION 

Cwonent-performance  data m e  presented in numerical.  form in 
tables I to 111. 
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Compressor 
- 

Unscheduled operation. - Cmpressor performance maps f o r  altitudes 
of 15,000 and 45,000 feet  and a f l ight  Mach m e r  of  0.19 m e  presented 

IC 
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in fi&e 3.- . Superhposed on these maps are lines of constant exhaust- 
nozzle  area,  represent- the - and minimum axeas scheduled by 
the electronic  control, and one Intermediate  area. When the e a u s t -  
nozzle area WRS changed from 2.94 to 2.22 square feet, canpressor effi- 
ciency changed  by Less than 2 percent at  a l l  engine speeds and f o r  
either fiight condition.  Interpolation shows that at an altitude of 
15,000 feet, th3.s change in nozzle  area caused an approxinZEbtely 
10-percent increase Fn pressure ratio a t  a corrected.  engine Bpeed of 
8000 rpm, and a 6-percentbcrease  at 6000 rp. A t  an altitude of 
45,000 feet, compressor pressure  ratio was increased about 14 percent 
at 8060 r p m  and 9 percent a t  6000 rpm. 

Scheduled operation. - The electronic  control schedules %he rela- 
tion between  e-ust-nozzle area and engine speed R as shown  by the 
sea-level curve in figure  4(a). As altitude is increased a t  a constant 
flight speed, campressor-inlet  temperature  decreases and therefore a t  
a given engine speed ET corrected engine speed N / , l  increases with 
altitude;  thus  the e a u s t  nozzle-area  varieB  with altitude f o r  a given 
N/fll (fig. 4Ca) ) . A slmilar relation occurs when flight speed is 
varied at a given bti tude.  

8 

The experimental variation in  e&aust-nozzle  area with corrected 
engine speed for vazious altitudes froin 5000 t o  55,000 f e e t   a t  a flight 
Mach  nlxniber of 0.19 i s  shown in figure 4 (b) . Because of refrigeration 
limitations,  inlet temperatures of about -20° P were used f o r  the 
investigations a t  altitudes over 25,000 feet instead of the standard 
W e t  temperatures for  these  flight  conditions. Therefore the  relation 
between corrected engine speed and nozzle area was different frm that 
which  would  have occurred had standaxd  temperatures been used. When 
figures 4(a) and 4(b) are compared, it is apparent t ha t   a t  a  corrected 
engine speed of 7000 rpm the  nozzle  mea was about 2.7 square feet f o r  
altitudes of 35,000 feet  Ebna over, Etna that the =ea would have been 
about 2.85 s q w e  feet  with standard in le t  tengeratures.  Interpolation 
in figure 3(b) shows that this change in area would  change conqressor 
pressure  ratio only about I- percent. The corresponding effect OIL air 

flow asd canpressor  efficiency i s  negligible. 

I 
2 

Effect of altitude on cmpressor  operating lines. - .Operating l ines 
obtained  with the electronic  control schedule f o r  altitudes from 5000 t o  
55,000' feet  ana a flight Mach nmiber of 0.19 are presented in figure  5(a). 
The position and the  slope of the  corrected engine speed l ines on t h i s  
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plot were determined by interpolation from figures  5(b) and 3, res- 
pectively. The operating lines were coincident  for  altitudes from 
5000 t o  25,000 feet, and f o r  altitudes over 25,000 feet  engine air flow 
decreased at a given corrected engine speed. This reduction i n   a f r  
flow with altitude i s  attributed t o  the decrease in  Reynolds nurnber with N 

altitude. It i s  also apparent i n  figure 5(a) that the constast speed 
lines CTOBE corresponding compressor operating lines a t  the same value 
of  conzpressor pressure rat io  at ELL altitudes. Therefore, i f  pressure 
ratio were plotted  against  corrected engine speed, the  data f o r  all 
altitudes  investigated w o u l d  f a l l  on a common curve. Investigation of 
an earlier model  of the J47 turbojet engine (reference 2 )  showed a 
slight increase Fn canpressor  pressure ratio with altitude a t  &+en 
corrected engine speeds above 6000 rpm. This afference might be attri- 
buted partly t o  the  increase in  exhaust-nozzle area with altitude due 
to the control Echedule. As previously discussed, i f  standard in le t  
teqeratures had been used for  the  investigations a t  altitudes over 
25,000 feet,  the exhaust-nozzle area would have been slightly  larger 
Ebnd the compressor pressure ratio would have been about 12 percent 

w 
0 
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lower a t  corrected engine speeds of  approximately 7000 rpm. However, 
this  variation  in  pressure  ratio m s  within  the accuracy of the  data. 
The compressor a i r  f l o w  a t  an altitude of 5000 feet  and a t  a corrected 
engine speed  of 7950 r p m  was about 100 pounds per second. 

Effec t  of flight Mach number on compressor operation  lines. - Com- 
pressor  operating l u e s  on the  electronic  control schedule a t  an alti- 
tude of 25,000 feet  and flight Mach numbers fram 0.19 t o  0.92 are 
plotted in figure 6(a . The corrected engine speed l ines were inter- 
polated from figure 6 t b) . 

The constant  corrected engine-speed lines are coincident f o r  all 
flight Mach  numbers investigated,  indicating  that  the Reynolds number 
change  was too  m a J l  t o  affect air flow. 

A t  a given corrected engine speed,  compressor pressure ratio 
decreased  with  increasing f l ight  Mach number. This relation occurs 
because of the increase in   cqressor - in le t  pressure with f l ight  Mach 
number so that a given corrected engine speed can be maintained with a 
smaller  pressure rise across  the compressor. 

Compressor efficiency. - Curves showing the  effect of corrected 
engine speed, altitude, and flight Mach  number  on cmqressor  efficiency 
are  presented in figure 7. 

For all flight conditions  investigated,  the peak  compressor effi-  
ciency  occurred i n  the  region of corrected engine speeds  between 6000 
and 6500 r p m  somewhat  below the  cruising speed range. Efficiency 
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decreased sharply when the engine speed was reduced or  increased from 
this range of meeds. A mEh3dmum compressor efficiency of 86 percent 

and a corrected engine speed of 6000 rpm. For the same flight condi- 
t ion   a t  mexfrrmm engine speed, the compressor efficiency was 78 percent. 

- was obtained a t  au altitude of -5000 feet, a flight Mach nuniber of 0.19, 

When the  altitude is  increased from 5000 t o  45,000 feet a t  any 
constant  corrected engine speed above 5500 rpn, a decrease i n  compressor 
efficiency of approxhm,tely 5 percent  resulted  (fig. 7 (a) ) . This change 
in compressor efficiency  with  altitude i s  attributed t o  the change in 
Reynolds  number and is similar t o  the  previously sham effect of alti- 
tude on the c e r e s s o r  air flaw. The colqeressor efficiency m e  for 
15,000 feet   al t i tude is below those f o r  25,000 and 35,000 feet aver the 
upper range of engtne speeds. However, unscheduled engine data f o r  the 
sane f l ight  condition  indicated that the curve should be about 2 per- 
cent  higher over this range of speeds (fig.  3). It was therefore con- 
cluded that this discrepancy was  caused by data  error. 

9 On the compressor  performance maps, the constant. speed l ines and 
the  efficiency  contours are nearly  parallel  at high corrected engine 
speeds, end approximately  perpendicular t o  each other at law engine 
speeds (fig. 3). Consequently, changes in  compressor pressure  ratio' 
have l i t t l e   e f f ec t  on efficiency at high engine speeds and a large 
effect   a t  low speeds. Catpressor  efficiency  therefore  decreased with 
increased flight Mach number (decreasing compressor pressure ra t io)   a t  
corrected engine speeds below 6000 rpm (fig. 7 (b) ) . A t  corrected engine 
speeds above 7000 rpm, the  efficiency  increased  slightly wtth increas- 
ing Mach nuaiber, probably  because of the corre&onding increase in  com- 
pressor Reynolds  nmiber. 

Effect of Reynolds number on compressor  performance. - Shifts i n  
the efficiency contours and corrected engine speed Lines on comgressor 
performance maps, with changes i n  mght conditions (fige 3) have been 
attributed t o  changes in o q r e s s g r  Reynolds  nmiber. In order t o  show 
more clearly  the  effect of Reynolds mmiber on compressor  performance, 
cross plots (fig. 8}, showing ccmpessor  corrected a i r  flow and effi-  
ciency as functions of  Reynolds m e r  index, were  made from the  data 
fn ffgures  5(b} a n d ,  7(a). For a given compressor Mach nunher (corrected 
engine  speed), Reynolds number index -varies linearly with Reynolds n u -  
ber and i s  defined  as  the  ratlo of Reynolds number at   a l t i tude to Rey- 
nolds nmiber a t  standard  sea-level  conditions: 



The effect of  Reynolds number index on efficiency WELS nearly  the 
same at  a l l  values of engine speed (fig. 8(a)). The c r i t i ca l  value of 
Reynolds  nunher index was approximately 0.4.. Changing Reynolds nuuiber 
index from 0.88-to 0.4 resulted i n  a decrease in compressor efficiency 
of on ly  approximately 2.5 percent, whereas  changi.n&the index from 
0.4 to 0.11 resulted in a decrease i n  efficiency of approxjmately 
5 percent. 

There was no appreciable  effect of  Reynolds number on the cor- 
rected air  flow in the range of values above cr i t i ca l  (0.4) (fig.  8(b)). 
At values of Reynolds nulILber index below cr i t ical ,   a i r  flow decreased 
with Reynold8 number index. 

Combustors 

Combustion effiaiency. - With the  original  cdustors  installed 
and with  the en@;ine operating on the  electronic  control schedule, com- 
bustion  efficiency  increased with fncreasing  corrected engine speed 
(f ig .  9). A t  a given corrected engine speed, combustion efficiency 
decreased  with an increase in  altitude {fig. 9(a) ) and increased  with 
f l ight  Mach nuder  (f ig .  9(b) ) .  The effect of  changes in   a l t i tude o r  
f l ight  Mach nuder  was greater a t  lower engine speeds. Combustion effi- 
ciencies f o r  corrected engine  speeds  below 4000 rpm were of question- 
able accuracy and therefore omitted from these  plots. 

Coznpmiaon of the  data Ln figure 9 with s5mi.k data from previous 
investigations of the J47 turbojet engine (reference 5) shows that i n  
the  present  investigation, combustion efficiency was more sensitive to  
changes i n  engine speed, altitude, d flight Mach  number. This may be 
,attributed  to  the  increased air flow in  the prototyge J47D (RXl-1) tur- 
bojet engine resulting  in higher combustor velocities  than  obtained 
with the  earlier model of the turbojet engine a t  similar flight 
conditions. 

During  nonscheduled operation, changing the exhaust-nozzle area 
from maximum t o  m.lnimum had l i t t l e   e f f e c t  on conibustion efficiency. At 
an altitude of 15,000 feet and a flight Mach number of 0.19, changing 
the nozzle position from f u l l  open t o  full c l ~ s e d  resulted  in a 
1-percent  increase i n  corribustion efficiency ,men the  corrected engine 
speed was maintained a t  8310 r p m  ( f ig .  10). 

Comparison of the  operating l ines f o r  the modified combustors 
(fig. ll) w i t h  those for the or iginal  combustors ( f ig .  9 )  shows khat 
a t  engine a-peeds near rated the combustion efficiencies of the modified 
conibustors  were 1 or 2 percent  higher. Also, the  efficiency of the 
modified combustors did not reduce as rapidly with decreasing e'ngine 
speed. 
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The effects .of altitude, engine speed, and flight Mach nunber on 
conibustion efficiency  indicate that operating  conditions that cause 
higher values of conibustor-inlet pressure and temperature are ccsn- 
ducive to higher valuee of cambution  efficiency. This f s c t  is 
apparent from correlation of combustia  efficiency in  t e r m s  of the cam- 
bustor parameters P3T3/V3 and fuel-&- ratio  f /a  for both the  orig- 
inal and modified codustors (fig. 12). The parameter P3TdV3 has 
been used t o  correlate  the  co~ibustion  efficiency of several combustors 
(reference 9). With this c&ustor, however, some spread  with  f'uel- 
air ratio was obtained. For values of P3T3/V3 above 12,000, the com- 
bustion  efficiency was nearly constant f o r  each c-ustor regardless of 
the  value of the  fuel-&  ratio. A t  values of P3TdV3 below 12,000, 
combustion efficiency decreased with decreasing P3T3/V3 and there was' 
also a  trend t m d s  decreasing  efficiency with decreasing  fuel-air 
ra t io   a t  a  given value of P3T3/V3. For values of P3T3/V3 above 
12,000, the combustion efficiencies f o r  the modified  conbustors are 
approxbately 2 percent  higher  than  the or ig ina l  cosnbustors.  Fgr 
values of P3TdV3 below 12, OOO, the gain In efficiency obtahed with 
the  mdified conibustors increased  with  decreaslng P3TdV3. 

Cmibustor pressure drop. - From the mqentum equation f o r  gases 
passing through the  cdustors ,   the  following eqwtion may be  derived 
(see appe- B) : 

* 
Data for various aJ%itudes and fU&t &ch nunibera axe plotted t o  show 

p3 ' p4 as a  function of T4/T3 f o r  both the o r i g i n a l  and modif fed 

conkustors (fig. 13).  From eqpation (I), when TdT3 e q d s  1.0, 
qb 

p3 - p4 equals CQ. By elrt;rapolating  the data in  f igure 13 to 
qb 

T4/T3 equals 1.0, it is apparent that the  friction-drag  coefficients 
f o r  the or iginal  and the modified burners are  approxhately 10.0 and 
12.0, respectively. With these  values of drag coefficient, 

the  theoretical curves of '' - p4 = T4/rp3 - 1 + cD were plotted i n  

figure 13. Scatter of the data about these  theoretical  lines  indicates 
f a i r  agreement  between the  theoretical and the  werimen-  values of 
conkustor pressure drop (that is, the average  slope of the  data ib 

Sb f 
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approxhately  the 6- as the  slope of the  theoretical  lines). Values 

of pressure drop based on the  inlet  t o t a l  pressure 

sented in the tables. 

p3 - p4 
p3 

are  pre- 

The -roved conhation-efficiency  characteristics and increased 
pressure loss obtained with the modified cdus to r s   a r e  most likely due 
t o  improved fuel  distribution and increased  turbulence i n  the combustor 
caused  by the  addition of the  baffles t o  the secondary a i r  holes i n  the 
cordbustor liners. 

Turbine 

Engine on electronic  control schedule, - Curves are presented in 
figure 14 that show the effect of altitude and corrected engine 

when the engine i s  operating on the electro&c control schedule. Data 
f o r  corrected engine speed below 4000 r p m  were omitted i n  these  plots 
because of dubious accuracy. 

Fqr corrected engine speed6 over 4000 rpm, the  values of turbine 
efficiency were  between 79 and 86 percent  (fig. 14(a)). The effects of 
altitude and engine speed on efficiency were amal l  over this speed 
range, and scatter of the data  precludes  determination of any definite 
trends.  Corrected  turbine-inlet txsqerature was not  affected  apprecl- 
ably by increases in  altitude up t o  25,000 feet but  increased with 
altitude above 25,000 feet  ( f ig .  14(b}). This phenomenon waa due t o  
the Reynolds rimer effects on the compressor, which reduced compressor 
efficiency at higher  altitudes so that an increase i n  turbine power was 
required to   a t ta in  a given e r n e  speed. The reduction in corrected 
turbine speed with altitude above 25,000 feet  fol lows from the  effect 
of altitude on corrected  turbine-inlet temperature (fig. 14(c)). A t  a 
given corrected engine speed, the turbine pressure ratio was not appre- 
ciably  affected by an increase in altitude up t o  35,000 feet 
(fig.  14(d)). A t  higher altitudes,  turbine  pressure  ratio decreased 
slightly with altitude. Although c r i t i ca l  pressure  ratios esd.st across 
the turbine a t  corrected engine speeds over 5000 rpn, there i s  a slight 
fncrease Fn corrected  turbine gas  flow with corrected engine speed i n  
this renge indicating that there may be changes in the  effective tur- 
bine nozzle area  (fig.  14(e)). #The trend i s  small, however,  campared 
with the amount of data scatter.  Altitude has no discernible  effect on 
the  corrected  turbine g a s  flow. 

c 

Po w s 

- 
" 
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At a given corrected engine speed, neither,variation of flight 
Mach n M e r  fram 0.19 to 0.92 a t  an altitude of 25,000 feet  nor mi- 
ation of exhaust-nozzle area from - to m"lmrrm had anf appreci- 
able  effect on turbine efficiency  (tables I and 11)  . 

The following results were obtained f r o m  an imesti tion of the 
performance of the comgonents of a prototype J47D ( R X l - l ~ k b o j e t  
engine i n  the EACA Lewi.s altitude wind tunnel: 

1. For a l l  flight conditions  investigated,  the peak conpressor 
efficiency occurred in  the range 9f corrected engine  speeds between 
6000 asd 6500 rpm, w-hich i s  below the- specified engine c r u i s i n g  speed 

5000 feet, a f l igh t  Mach rider of 0.19, and corrected engine speed of 
6000 rpm.  A t  the same f l igh t  condftion, but a t  mm&um speed, the 
efficiency m s  78 percent. 

range. A mtwdmLrm value of 86 percent was obtained at  an altitude of 

2. A t  carrected engine speeds above 5500 rpm and a f l ight  Mach nuiu- 
ber of 0 19, changing altitude from 5000 to 45,000 feet  caused approxi- 
mately- a  5-percent reduction in colqpressor efficfency.  Corrected a i r  
flaw a t  constant  corrected engine speeds was not affected by an 
increase in  alt i tude up to 25,000 feet,  but decreased when altitude was 
further increased. The reductions i n  compressor efficiency and cor- 
rected air flow with  increasing  altitude are attributed to corresponding 
reductions in compressor  Reynolds mer. C r i t i c a l  Reynolds number 
index f o r  the compressor was of the  order of 0.4. 

3. A t  a n .  altitude of 25,000 feet, changing flight Mach nuder f r o m  
0.19 to 0.92 had no effect on corrected a i r  flow but  resulted in a 
reduction in cqressor  efficiency a t  corrected engine speeds below 
6000 rpm and a small increase in  efficiency a t  corrected engine speeds 
above 7000 rpm. 

4. Combustion efficiency  increased  with  increaeing  corrected 
engine speed. A t  8 given corrected engine speed the combustion effi-  
ciency increased with f l ight  Mach rider and decreased  with an increase 
in  altitude. These effects are probably due to the corresponding 
increases in  cmikustor-inlet  pressure and temperature. ' 

5. A t  approximately rated engine speeds, the modified c d u s t o r  
. .. Qave combustion efficiencies 1 or  2 percent  higher than the or iginal  . codustors. Also, the  efficiency of the modified contbustor did not 

reduce as  rapidly  with  decreasing engine speed. 
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6 .  It was possible to correlate  combustion  efficiency, for each 
p3 T3 
v3 

combustor  type, in terms of the  fuel-air  ratio and the  parameter - 
where P3, Ips, and V3 are the  stagnation  pressure,  stagnation teqer- 
ature, and velocity,  respectively, at the  combustor  inlet. Also, corn- 

bustor  pressure-drop  parameter  .where P3 is  the  stagnation 

pressure at the  combustor  inlet, P4 is  the  stagnation  pressure at the 
turbine, and Q, is  the  theoretical  aynamic  pSessure  at  the combustor 
inlet,  was  correlated in term of  combustor  temperature  ratio.  Fric- 
tion drag coefficients  of  the  original and modified  combustors  were 
10.0 and 12.0, respectively. 

p3 - p4 
qb 

7. At corrected  engine  speeds over 4000 rpm, the  turbine  effi- 
ciency d u e s  were  between 79 and 86 percent  for  altitudes from 5000 
to 55,000 feet with a flight Mach number of 0.19. Variation of 
exhaust-nozzle  area,  or  of  flight Mach number from 0.19 to 0.92 had no 
appreciable  effect on turbine  efficiency. 

w 10 
0 
4 

Lewis Flight Propulsion Laboratory 

Cleveland, Ohio 
National  Advisory  Committee  for  Aeronautics 
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APpEmDM A 

S ~ o l s  
h 

5 e  following symbols were used in t h i s  report: 

A cross-sectional  area, sq ft 

'Df - conibustor fSiction drag coefficient 

f/a  fuel-  air  ratio 

Q acceleration  due to gravity, 32.2 ft/sec2 

M Mach n-er 

i m mass flow, slugs/sec 

N 

P 

P 

engine  speed, r p m  

stagnation  pressure, lb/sq ft abs. 

static  pressure, lb/sq ft abs. 

sb theoretical dynadc pressure at c&ustor inlet;  calculated 
using. stagnation  pressure,  stagnation  tenperatwe, and 
air flaw at station 3, conibustor cross-sectional  area 
(3.85 sq ft], and r = 1.4. 

R gas  CO=t89t, 53.4 ft-lb/(lb) (OR) 

1 stagnation  temperature, OR 

v velocity, f.t/sec 

wa air flow, lb/sec 

"f fuel flow, lb/hr 

wt3 gas flaw,  lb/sec 

Y 
s 

6 

ratio  of  specific  heats 

pressure  correction  factor stagnation  pressure 
P/2U6 ' standard sea-level  pressure' 



14 NACA RM E 5 U 3  

P 

e 
+ 

adiabatic  efficiency 

density, slugs/cu f t  

absolute  viscosity,  lb-sec/ft2 

temperature correction  factor,  product of r and stagna- 
t i o n  temperatqe  divided by product of r and -era- 
ture at  I4AC.A standard conditions 

Ki.SCOSity C O ~ C $ k X l  factor, 
air  viscgsity 1 

a i r  vfscclaity with NACA stand-’ 
ard  sea-level temperature 

Corrected parameters : 

W 6 l  corrected engine speed, r p m  

w 6 4  corrected  turbine speed, r p m  

%Dl corrected  turbine-inlet temperature, % 

Way I A / O ~  corrected compressor air flaw, lb/sec 

corrected  turbine gas flow, lb/sec 
64 r4/l. 4 

Subscripts: 

a air 

b burner 

C c w r e  ssor 

€31 sea level 

A 
(1.4) (519) 

N 
0 4  s 

t turbine 
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0 
I 

1 

ambient 

compressor M e t  
IC 
0 m cu 

3 campressor discharge, conibustor inlet 

4 combustor  discharge, turbine inlet 

6 turbine discharge 

8 exhaust-nozzle M e t  

15 

t 
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~ U L c 1 T I O N S  

Air  flow. - The air flow at  station 1 was calculated  from  pressure 8 
and tgqerature measurements by use of the  equation . - a  

where rl 3: 1.4. 

Starter-cooling WSIc, co14?reesor-leakage  Wc,l, and turbine-cooling 
Wt,= air flows  were  calculated f r am pressure and temperature  measure- 
menta assuming  incoqpressible flaw. The  starter-cooling  air is ram aLr 
inducted  through a bole in the  .staster fairing and discharged  into  the 
engine  inlet aft, of station 1. Co~~ressor-leakage air is dxmped over- 
board, and turbbe-cooling  air  is  bled from the  eighth  stage of the 
coqpressor and returned t o  the main airstream  at  the  turbine.  "he  air 
and gas flows at various stations through the  engine were calculated  as 
f O U O W S :  

c 

Compressor-inlet air flow, Wa,l = WaIlt + Ws,c (B2 1 

Csnqressor-discharge air flow, Wa,3 = Wa,l - Wc,l - Wt,c (B3 1 

Combustor-discharge  gas  flow, wg,4 = wa,3 + wf 034) 

Combustor,pressure loss. - The  expression  for  combustor  pressure 
l o s s  is derived as follows: 

It is assumed: 

(1) The  fluid flow in the  conibustor is incowressible. 

(2) I n  the following figure,  Pb = Pg, Px = P4, zb = T3, T, = T.,. 
(3) The burning asea between  stations b and x is constant (Ab = Ax). 

Y 
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c 

Station 3 b X Station 4 

The mmntum equation yields 

If 

then 

or 
c 

- - 1.0 px 
Pb 

17 
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Ccmibustor-reference dynamic pressure. - In order to calculate a 
co&uetor-reference dynamic pressure, based on the  total  combustor cross- 
s e c t i o ~  area (3.85 sq ft) , a ccmibustor-reference && rnnuber w a ~  ffrst d 

calculate& Kfth the  equation 

and 

theref  ore 

c 

Then 

Y, 

2. Prince,  William R., and Jassen,  Emmert T.: Altitude-Wind-Tunnel 
Investigation  of  Compressor  Performance on 547 Turbojet Engine. 
NACA RM E9G28, 1949. 

N 
04 s 

where y3 = 1.40 

1. Conrad, E. William,. and Sobolewski, Adam E. : Altitude-Wind-Tunnel 
Investigation of 547 TurboJet-&@ne Perfomce. NACA RM E9G09, 
1949. 
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3. Bloomer, Harry E.: Altitude-Wind-me1 Investigation of Operational 
Characteristics  of 547 Turbofet  Engine. MCA FiM E9126,'1950. 

4. Thorman, H. Carl,  and McAulay, John E.: Altitude-Wind-lkmel Inves- 

. 
b tigation of Turbine Performance in J47 Turbojet  Engine. NACA 
M 
0 
N 

RM E9K10,  1950. 

5. CFlnrpbell, Carl E. : Altitude-Wind-Tunnel  Lnvestigation of Conibustion- 
Chamber  Performance on J47 Turbojet Engine. IWCA RM E9L02,  1950. 

6 .  S w i ,  M. J., and Wintler, J. T. : Altitude-Wind-Tumel  Bvestigation 
of  Performance  Characteristics  of J47D (RXL-1) Turbojet Engine 
with  Fixed-Area  Exhaust  Hozzle.  NACA RM E51B06, 1951. 

7. Conrad, E. William, and M c A u l a y ,  John E. : Altitude-Wind-Tunnel 
Investigation  of  Performance  Characteristics  of J47D (RXl-1) W- 
bojet  Engine with Variable-Area  Exhaust  Nozzle.  NACA RM E51C15, 
1951. 

8. Conrad, E. William, Bloomer, Harry E., and SobolewBki, Adam E. : 
Altitude  Operational  Characteristics gf a Prototype  Model of the 

- J47D (RXL-1 and Rxl-3) TurboJet  Engine  with  Integrated  Electronic 
Control.  NACA . R M  E5lEO8. 1952 

9. Childs, J. Howard: Preliminary  Correlation  of  Efficiency of Air- 
craft  Gas-Turbine Cdustors for  Different  Operating  Conditions. 
NACA RM E50F15, 1950. 
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TAB= I - COIIPONENT PERFWMAKE OF P R W l Y P E  J47D (MI-1) 

2 - 
1 

3 
1 
3 
6 
7 
8 
9 
10 
11 
12 

15 
14 

17 
16 

19 
18 

20 
21 
22 

24 
25 
26 
21 
28 
29 
so 
51 
52 
33 

35 
34 

36 
17 
38 
59 
40 

.41 
42 
43 
44 
45 
46 
47 
48 
49 

51 
XI 

52 
65 
64 
55 
36 
51 
58 
89 

81 

63 
82 

84 
65 

87 
68 
69 
70 
71 
72 
73 
14 
75 
76 

18 
79 
80 
81 - 

- I  I 

- 

2 '  
t r  
A &  2 :  
4770 
4485 
4216 
5190 
5540 
2860 
1675 
1 S 7 7  
1020 
825 

m 516 

35oc 
Sloa 
2890 
1975 
1185 
810 

635 
758 

m 518 

2615 
e580 
2270 
2150 
1815 
1585 
890 
845 
570 

3065 
.?Qo 

5065 
2590 
a s 0  
2010 
1445 
E 9  
612 

5405 
421 

2885 
2545 
2110 
1520 

' 116 
671 

1810 
241 

5705 
IlSO 
2965 
2775 
2486 
1564 

i% 

g 
1695 
968 
615 

LO88 
1056 
1020 
890 
768 
780 
689 
415 
192  

+.E 
s47 
855 
645 
&1 - 

- 

(I 
,-I 
U d  

$2 
ClY 

e o  

i j 2  - 
2.51 
2.39 
2.45 
2.56 
2 -56 
2.67 
2.61 
2.91 
2.94 

2.96 
2.94 

2-zzE 2.94 

2.59 
2.65 
2.55 
2.65 
2.91 
2.91 
2.91 
2.91 

?zm 2.91 

2 .51 

2.46 
2.40 

2.53 
2 258 
2 . m  
2.88 
2.94 
2 . M  
2.94 
2.23 
2.2s 
2.42 
2.55 
2.58 
2.62 
2.89 
2.93 2.83 
2.23 
2.42 
2 -55 
2.55 
2.60 
2 . m  

2.93 
2.95 

2.14 
2.26 
2.31 
2.45 
2.55 
2.55 
2.65 

@?& 

& 
2.4 
2.63 
2.89 

2.56 
2.56 
2.61 
2.58 
2.58 
2.61 
2.62 
2.852 

2.m @.me 
2.58 
2.61 

- 
P 

i e-: 

- 
504 
506 
605 
504 soc 
501 
so4 
506 
504 
604 
504 
501 

41s 
475 
473 
472 
474 
472 
472 
413 

4% 
461 
463 
4gsi 
464 
4E3 
M 3  
485 
464 
486 
466 
465 
466 
486 
466 
4e4 
463 
483 
483 
463 

471 
461 

472 
413 
414 
415 
415 
466 
509 
512 
504 

so4 
511 

S O 8  
505 

3- 464 

462 
451 

451 

$$- 
445 
445 
446 
447 
451 
447 
451 
450 

755- 
u s  
466 
4 m  
4% 
454 

- 

',-I 
;99 

- 
1784 
lsOl 
1796 

1191 
1198 

1794 

1804 
1811 
1Bx 

leoB 
1808 

lpc 

1216 
I2l.8 
1211 

1222 
1226 

1225 
l2a 

1790 

1 2 1 5  

3% 
1 9 9  
7s9 

800 
801 

801 
801 

802 
800 

805 
805 

925 
927 

925 
925 
924 
9S2 
S S S  
9% 
835 
108L 
1081 
1088 

1091 
1089 

1088 

1095 
1093 

1383. 
1355 
lsul 

1352 
ls63 

1564 
1551 g 

4i 
504 

509 
608 

317 
311 
520 
511 
518 
508 
516 

320 
519 

318 
"8 

196 
I96 
197 
195 
c_ 

- 
i. 

c ; 
:: 

;5%. 

94x1 

9 m  
9289 

9080 
8615 
8261 

6863 
1594 

4363 
3088 
2401 
1990 
-Ea" 
all 
6412 

5317.  
6084 

4066 
5- 
2161 
1662 
1451 

7m-S- 
4588 
4401 

4285 
4527 

3572 
40i3 

2010 
2721 

1425 

sxn 915 

5287 
5042 
4889 
4624 
4093 
5064 
25oc 
1516 
60016 
5766 
5811 
5508 
4650 
3%7 
2455 
1701 
7108 
6971 
6'105 
6g5C 
6592 
8250 
5526 
3142 

%? 
p 3 7  
1781 
1502 

4% 
1808 
1711 
1800 
1645 
1595 
1% 
1471 . 
1121 
828 

4%" 
log1 
1087 
104.8 
888 - 

F !I 
D I I  11 
- 

897 

W6 
892 

e82 
8% 
835 
808 
752 
677 
610 
SBC " 625 

810 

a38 
866 

782 

585 
651 

637 
509 

871 
864 
874 
855 
852 
114 
695 
838 
517 
486 
874 
865 
866 
860 
824 
768 
687 
65Q 
588 
863 
881 
855 
Be8 

693 

562 
852 

904 

888 
905 

891 
878 
860 
800 
720 

m7 

ns 

-E 
684 
761 

625 

3% 
860 
855 
857 
829 
800 
805 
769 

811 
693 

816 
833 
799 - .. . . 

- 
1711 
lsoC 
15X 
1488 
1408 
Inn: 
1258 
1058 

893 
1087 4 
1622 

1386 
1191 

948 
988 

1002 

1 s o a  

g 
1742 
l e l e  
1952 
1515 
1390 
1198 

980 
037 

1075 
995 

1722 

l5w 
1698 

1440 
1515 
1127 

870 
788 

1617 
188 

1623 
1 M 5  
3295 

Bo8 
695 

1668 
838 

1846 
1482 
1428 

l2m 1572 

1056 
761 

lorn 

* 
1209 
885 
950 

1009 -mE 
1681 
1659 
1648 

1415 
1538 

14?2 
1294 
1080 4 
1617 
1695 

166? 
U 7 5  - .. - . 

M 
3 
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M cu 

.- . 
S 

- 

t ;  
d $2 p 2  
- 
85.69 
86.87 
86 -86 
86.19 
85 .e4 
85.46 
79.37 
64.78 
50.64 
36.07 
26.41 
17.87 m 
60 -51 
61 -02 
60.42 
56.85 
a7.34 
57.15 
25.69 
18-34 

40.55 
Lo .44 
M -48 
KI -46 
39 .a9 
58-50 
51.81 
24.98 
15.68 

47.28 
8.20 

46.64 
46.39 
b8.26 
b6.16 
45.74 
57.10 
29 -62 
21.27 
B 3  -80 
53 .l9 
53 -48 
a -03 
49.80 
b1.62 
52-96 
24 .?x 
65.31 
64.73 
64" 
64-90 
66 -46 
E4.47 
69 -88 
48.81 
LO -35 
E K a  
25-61 
w.45 
20.31 
15.81 
u . 0 4  m7Ir 
16.16 
15.m 
16.25 
11.70 
Ei.56 
14.96 
14.99 
12.13 
9  -77 w 
9.51 
9.57 
9.29 
8.60 - 

8082 
W . 1 8  8074 
100.62 

92.48 7098 
97.25 7475 
99.17 7807 

4332 

78.81  8211 
94.29 7315 

100.62 8052 
101.51 8345 
101.60 8385 
102.25 8385 
45.55 

- 
$ 
3 
? I -  
i lL.  i l c  

i"j 
9 - 
70 -3 
78.1 
78.2 

80.5 
78.6 

85.2 
84.6 
68 -1 
83 -3 
76.6 g$ 
74.3 
73.2 
75.6 

83 -2 
79.9 

80.8 
73.9 
69 -9 
65 -5 
71.+ 
n .a 
72.6 
70.5 
73 -6 
74 -5 
79.4 

E:: 
73.6 
56.8 
73.5 
75.3 
74 -6 
73 -9  
75 .4 
80.5 
83 -1 
80.3 
72.7 
75 .O 
74.2 
75.8 
76.3 
80.6 
62.6 
77.9 
65.4 
77.9 
78 -0 

77.2 
76.8 

77.2 
78.7 
82 -2 
82.0 

4% 
71.9 
79.6 
85.9 
80.1 

69.9 
70 -0 

71 -1 
69 .O 

74 -1 
74 -4 

Kl.0 
76.7 

77 .a 
78.5 
67.9 

61.7 
70.3 

69 -8 
72.1 

- 

- 

B 

s3 
2 h  

1 8a 
I :+ 

27,623 
30,371 

24,465 
2S.Ul 
24.321 
$3.715 
18,770 
12,810 

9,812 

6.119 
7,008 

19,868 
18.482 
17,091 

E:E 
8.928 
6,724 
4.875 

Ti% 
U.801 
l l .890 
11,590' 
u.= 
10,491 
8.634 
5.864 
4,484 
3,147 

15,993 
2.758 

14,237 

12.676 
l3.362 

11.848 
9,707 

4,565 
6,852 

3,024 
17.716 

14,441 
l5.327 

u.44 
10.915 

4,627 
6,945 

2.986 
19,658 
19,579 
18,360 
17.735 
16,126 
15,712 
12,290 
7,589 

-+E 

+%E 

7, I90 
5.675 
3.945 
2.789 

4.687 
+.&a9 
4,579 

4 . m  
4.354 

4,028 
3.801 
2.642 
1,784 * 
3.256 
3.049 
2.948 
2,5= 

- 
*. 

s 
0 
4 -  F C  
2 :  P "  
u c  
L 1 
- 
96 ;l 

96.8 
98 .o 
97.0 
97.1 
98.6 
97 -4 
95.6 
85.1 
92.7 
94 -6 w 
96.6 
98.2 
97.5 
95 -7 
94 .8 
W.8 
83.4 
79.5 

%+ 
96.6 
96.2 
95.0 
96 .I 
94 -5 
S4.9 

e4 .I 
89 .a 
69 -1 
76 -7  
98.0 
92.9 
95.4 
94 .4 

93.8 
92.7 

91"8 
85.0 

96.4 
74.6 

96.5 
97.2 

95.0 
96.7 

96.5 
91.7 

96.5 
78-4 

97.0 
97.7 

95.5 

96.2 
98 -8 

97.8 

E 
92.7 
89.E 
81 -6 
72.1 

+E 
90 -4 
90.4 
94 .O 
93.7 
94.5 
89.7 
87.9 
71.9 
85.2 e+ 
90.2 
90. 
e3 .S 
78.5 - 

- 

e 

0 

82 
m ~5 g f ib 

- 
2.524 
2.610 
2.683 
2.721 
2 . ~ 1 0  
2.218 
2.660 
2.- 
2 -023 
1.524 
1.252 $e 
2.635 
2.739 

2-672 
2  -474 
2.099 
1.572 

1.159 
1.285 

x S z 2  
2.529 
2.616 

2.724 
2 . 8 7 ~  

2.728 
2.660 

2.080 
2.466 

1.099 

2.583 
2.587 

2.691 
2.807 
2 -823 
2.791 
2.639 
2.237 
1.708 
2 . m  
2.724 
2.838 
2.093 
2.842 

2 3 4 8  
2.769 

2.543 
1.796 

2.569 
2.731 
2 -806 
2.888 
2.904 
2.950 
2.878 

2.758 

13x1 

45% 
2.615 

2 -651 
2.704 

2.079 
1 .em m 
2.m 
2.885 
2.738 
2.698 
2.624 
2.655 
2.599 
2.434 
2.076 
2 .E2  

2.772 
2.727 
2.705 
2-525 

333z 

- 

- 
62.7 
83.8 
83 -3 
84 -3 
83 -7 
8 l  -1 
82 -8 
8 l . 6  
79.9 
78 .a 

84 -9 
82.8 

85.2 
84 -4 
e4 -5 
80 -1 
e3 -2 
86 -1 

85.8  
8s .4 
88.7 
84.4 
86.0 
85.3 
85 .4 
8s-0 
85.1 
101 -6 
83 -8 
82.3 
84.7 
86.2 
85.2 
e4.7 

86.9 
88.4 

82.3 
82.2 
84 -4 
85.7 
62.0 
84 -4 

87.6 
85 -8 

85.8 
84 -1 
85 -1 

82.3 
85.0 

84.1 
83.5 
82.9 
84.0 

+E$ 

4s 

82.7 
83.1 
83 .a 
86.0 

82.3 
81.9 
825 
82 .o 
e4.2 

84.6 
85.4 

BL.9 
61.7 

-E% 
79 -8 
82.4 
80.0 
83 -5 - 

L Y  
I .  

El - 
2 U 1  
I994 
lg50 

1781 
LBBO 

1634 
1566 
1m 
1190 
1200 
l226 

%& 
m5 
1879 
1617 
1519 
1- 
12l9 
12?s 
1225 

2367 
2208 
W 8  
20111 
1928 
1660 

1233 
15u 

1228 
3.227 
2318 
2274 
W 9  
1994 

1578 
I834 

1221 
1 M 9  
997 
2244 
a 6 0  
1925 
1765 
1498 
1117 
933 
al8 

2050 
2021 
18Bo 
1786 
176l 
l W 8  
1369 

TE 
P C 2  
1715 
1587 
lz79 

4" 
2344 
5E4 

2338 
2178 
2006 
1998 
1840 
1473 
1557 
l341 
2339 
2334 
2336 
2285 
2035 

- 

- 

- 
4l35 
4240 
4314 
43 64 
4326 
4289 
u 7 7  
3890 
3474 
2768 
2109 w 
4218 
4333 
4348 
4 x 3  
3957 
3537 
2833 
2161 
1694 
mBB 
4088 
4215 
4268 
4326 
4338 
4226 
3963 
3551 
2845 
1423 
4lll 
4145 
4284 
4405 
U 3 6  
4330 
4151' 
3799 
3147 
4165 
4318 
4456 
u 7 5  
4387 
4276 ' 
4008 
5449 
4174 
4169 
4364 
4442 
u 9 9  
U 7 2  
4440 
U 8 3  w 

EE 

U s 9  
e l 8  
39Sl 
3558 

CL50 
4174 
4180 
4174 
4156 
4149 
4099 
3850 
3469 

t 

21 

39 .sa 
4048 39.52 
5887 40.01 



22 

7 

u 

z2 
2 5- 
1 

3 
2 

15.0% 

6 
5 
4 

8 
7 

9 
10 
11 
12 

:3, 
15 
16 
17 
18 
19 
20 
21 

23 
22 

24 
26 

' 27 
26 
29 
30 
31 
32 
55 

35 
34 

56 
57 
58 
39 4 6 . D O C  
40 
41 

43 
42 

U 
46 
46 
47 
48 
49  
50 
51 
52 
M 
54 
55 
58 
57 
58 
59 

61 
60 

62 
63 

65 
64 

66 
87 
88 
60 

71 
70 

72 
73 

126 

1 g; 

n g c  

I 

; -P 
+ a  5 

- 
1187 
1186 
1191 
1186 

1188 
1192 

1190 
1186 
1190 
1190 
1187 
1186 

1183 
1188 

1186 
1186 
1188 
1190 
1192 
1195 
1188 
1191 
1190 
1190 
1167 

1188 
1187 

1189 
1190 
us0  
1190 
1190 

1186 
1188 
1188 
1187 
1182 

513 
315 

503 
503 

310 
310 
510 
510 

Mu 
3 10 

503 
506 
x)8 
so7 
x17 
x14 
506 
503 
SO8 
308 
296 
515 
306 
507 
307 
506 
308 
308 
310 

310 
313 

S W  
515 
310 - 

0 

;j 
- 
7951 
7955 
7955 
7955 
7955 
7955 
7955 
7388 

7588 
7388 

7388 

6841 
6641 
6641 

6643 
68(? 

5944 
6843 

5944 
5944 
5944 
5 9 u  
5 9 u  

5114 
5114 

5114 
5114 
5114 
5114 
4091 
4091 corn 
4091 
4091 
4091 

73ee 

758e 

% 
7959 
7955 

7985 
7955 

7386 
7386 
7586 
7388 
7S08 
7386 
7386 
7386 
6993 
6993 
6995 
6895 
6893 
62S4 
6294 
62S4 
6294 
6294 
5s44 
6 S U  
6944 
5944 
5944 
5944 
5455 
5455 
5455 
5155 
E455 
??i?s 

S895 2.26 
5660 2.36 
3605 2.39 

3015 2.58 
3265 2.50 

2600 2.75 
2585 3.19 
3573 2.14 
3060 2.23 
29m 2.26 
2545 2.42 
Z226 2.70 
1965 5.18 
2585 2.14 
2325 2.29 
2090 2.39 
1950 2.50 
1710 2.70 
1500 3.19 
1920 2.14 
1757 2.26 
1590 2.56 
1445 2.70 
1PdQ 2.75 
1151 5.19 

E 1 4  2.26 
IS01 2.14 

1055 2.55 
llW2 2.45 

897 3.19 
968 2.70 

941 2.14 
938 2.26 
872 2.59 
856 2.47 
79s 2.68 
758 2.93 
758 3.19 

113s 2.46 
1010 2.55 

93s 2.63 

1049 2.29 
812 5.18 

9x1 2.39 
893 2.395 
825 2.50 
815 2.50 
775 2.60 
775 2.63 

1042 . 2.14 
672 5.19 

950 2.25 
7S4 2.45 

800 3.19 
6 6 i  2.53 

770 2.14 
756 2.17 
598 2.W 
5W 2.79 
505 3.19 
660 2.14 
602 2.51 
64C 2.45 
490 2;70 
460 2.91 
453 3.19 
572 2.14 

517 2.34 
558 2.25 

453 2.69 
471 2.50 

407 3.18 

e66 2.77 

... . - .  . . 

W A  RM E51113 

TA8LE I1 - COMPONENT PgRWRnAUCB OF P R O T o n P E  5470 (RX1-1) 'NRBOJgT EXGIWBI 

P 

- 
47s  
476 
475 
474 

474 
473 

477 
475 

477 
478 

477 
476 

480 
478 

476 
475 
477 
479 
479 
477 
475 
476 
476 

477 
476 

4 74 
473 
473 
474 
474 

472 
473 

469 

471 
471 

472 
472 

3+- 
us 
u 2  

443 
U S  

438 
441 
438 
437 

436 
438 
440 
Ul 
443 
441 
443 
443 
436 
440 
437 
458 
437 
446 
u1 

Ul 
438 

4-48 
443 
441 
441 
441 
442 
442 
442 

43e 

- 

u r  ; 3 # i 
3 D D l  

k i  

1215 
1218 
1217 
12x1 
1216 
1216 
1216 
1219 
1217 
1215 
1215 
1 2 1 7  

1217 
1214 

1215 
121  7 
1219 
1221 
1225 
1218 
1221 
1220 
1221 
12l9 

1!224 
1220 

1221 
l p 2  

1211 
1222 

1226 
1210 
1223 

lZ28 
1223 

1219 

320 
318 
311 
312 

:E 
51s 
319 

312 
319 

312 
316 
517 
315 
316 
313 
515 
313 
317 
316 

522 
505 

315 
314 

314 
315 

315 
315 
321 

318 
321 

319 
522 
519 

- 
f e  7 
!; 9 

I% 2 

I b  
i s c  0 
) r l  c 
1 4 2  

l a  
I Y  
I O  " 
6644 
6671 
6489 
6375 
6259 
6131 
6279 

6077 
6126 

5854 
5668 
5513 
5380 
5278 
5168 

4975 
5078 

4809 
u s 0  
4380 
4266 
4186 
4069 
3981 

5288 
W16 

3249 
3179 
3153 

2 2 u  
250 
2183 
2183 
2168 

slm 

Ek 
1776 
1711 
1656 
1620 
1757 
1691 
1848 

163S 
1597 

1572 
1535 

1697 
1518 

1833 
1491 
1461 
1414 
l392 
14 00 
1294 

1260 
1235 
1195 
1159 
1122 
1108 
110s 
1046 
1044 
1 o u  
975 
961 
941 

1207 

7 11 
2 ..a g - .  

iEi 
UIP 

879 
874 
869 
868 

657 
862 

853 
835 
826 
821 
81 7 
809 
805 
780 
775 
766 
765 
7 5 8  
754 
7x1 
723 

712 
717 

709 
7- 
660 
659 
660 
652 

850 
648 

588 
585 

582 
583 

500 
582 

859 
850 
636 

823 
831 

818 
e09 
800 
791 

787 
795 

788 
784 
7 98 
791 
767 
769 
760 
751 
7 24 
707 

700 
700 

708 
696 

685 
691 

694 
€a4 
663 
662 
656 
651 
649 
648 

579 

- 

- 
!.j * L  

;ir.s 
9 s  
iZ - 
2078 
2022 
1992 
1909 

1749 
1675 
1940 
1828 
1780 
1657 
1550 
1468 
1715 
1613 
1524 
1471 
1378 
1303 
1524 
1455 
1379 
1318 
1230 
1185 
1330 
1280 
1214 
1172 

1106 
1150 

1z52 
1202 
1185 
1150 
1112 
1102 

le le  

+%- 
1sn  
1885 
1825 
1770 
1986 
1909 
1839 
1738 
1740 
1682 
1670 
1567 

1921 
1619 

1454 
1576 

1707 
1661 
1430 
1340 
1310 
1580 
1464 

1300 
1379 

1275 
1240 
1496 

1370 
1449 

1300 

1195 
1240 

m o  

- 

- 
1 :  0 ;  fi 

5' u 

23 2 
5 

9 id; 
' 

- 
6446 
6338 
6357 
6186 
6076 
6928 
5826 

5666 
6013 

5616 
5591 
5400 
5246 
5152 

4927 
5038 

4854 
472s 
4554 
4254 

'ZE.5 
4172 

3971 
3850 
3763 
3164 
3121 
5082 
5016 

2895 
2981 

2150 
2155 
2096 
a083 
a067 
2tM1 * 
1706 
1645 
1580 
1563 
1674 
1618 
1577 
1551 
1569 
1506 
1497 

1627 
1446 

1563 
1426 

1518 
1397 

1352 
1381 
1236 
1148 
1198 
1180 
1146 
1107 
1064 
1047 
1046 
1010 
1007 
968 
954 
920 
900 

- 
8 

$ 2  I 
u " d  

i k  9 
Ez5 g c 
IC - 5 - 
2551 
2468 
2453 
2294 
2180 
2070 
1921 
2494 

2292 
2361 

2106 
1945 

2221 
17% 

2089 
1985 

1782 
1889 

1851 
1943 
1851 
1767 
1889 
1570 
1518 

1577 
1641 

1531 
1482 

1S89 
14Ri 

1404 
1402 

1340 
1323 
lxl3 

136.3 * 
680 
623 
684 
677 

818 
639 

574 
581 
592 
561 
604 
707 

549 
664 

535 
488 
585 
685 
498 
440 
448 
559 
501 
470 
429 
425 
417 
565 
547 
5cu 
466 
U S  
408 - 

.. . 
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c 

55.00 
53.98 
55.64 

15-39 
15.64 
15 -96 
16.05 
15.01 

U .92 
15.40 

l2.58 
12.68 

12.55 
12.95 

11 .51 
l l . 7 7  
U . 4 1  

ijy 
;> 
i f  
- 
8 2 a  
83oE 
852s 

85u 8s2l 

83Y 85u 
7896 
7704 

7704 
7704 
7711 

6909 
7698 

6935 

6929 
6942 

6915 
6916 
6200 
6 W  
6 P 6  
6206 
6206 
6200 
5s49 
5554 
5364 
55c9 
9329 
5364 
L291 
b504 
b296 
L296 
b291 
b 2 8 1  

3615 
3625 
3615 
3616 
3x3 
3014 
3043 
3051 
3068 
3058 
3043 
#MI 
1687 
1675 
I687 
I675 
1579 
3 6 7  
i(u5 
isso 
1 8 5 4  laso 
Su4 
i449 

U48 
U86 

i919 ism 
i919 
i9lS 
i915 u 

1437 

I 

i 

e 
i 

101 -18 
loa -12 

101.E 

101.27 
101.26 

101.75 
lO1 i76 

97.81 
97.88 
97.89 
87.88 
97.85 
W7.86 

89.38 
BB -59 

89.58 
89.37 

69.30 

77.40 
78.50 

76.53 
76.57 

77.29 
77.55 

80 -61 
61.39 

61 -42 
81.48 
61.48 
6S:u 
39  -44 
41.06 
42.54 

42.59 
41.08 

40 -99 

so -02 

9 9 . u  
98 .&3 
97.58 
98 -88 
97.77 

96.11 
"32 

96.15 
97 -82 
96.67 
97.40 

92-47 
98.41 

95.04 
83 -10 

93.15 
94-96 
82.55 
84-75 
BL.71 e4.03 
88.02 
78 .Is 
78 .U  

80.43 
76.- 

80 -58 
78 -22 

68.72 
R.6l 
69.07 
69 -63 
71.66 
12.c( 

- 
6 
u 
-I 

e -  e r r :  
%I igj 
CJ c 
- 
75.9 

74.8 
74.8 

73.9 
74 .E 
75.9 

79.8 
73.9 

80 -6 
81.0 
78.7 
79 .I 
79 .o 
84.9 
85.0 
85.7 
c15.6 
85 .O 
85.6 
84.3 
84.6 
85.0 
85s 
64.0 
e4.6 
84 .4 
BS.0 
81.7 

84.8 
83.7 

64.7 
76 .8 
77.4 
75.8 
76.6 
77.4 
75.0 

E?- 
68.8 
89.0 
70-1 

72.3 
73.4 
72.5 
72.2 
72.3 
7 3  .5 
73.6 
72.5 
76.1 
76.5 
76.8 
75.2 

78.6 
92.1 
00.4 

I S  -5 
31 -6 
90.8 
78.1 
79.4 
18 .S 
r93 
19.9 
30.0 
30.4 
10.6 
18.4 
1Lk 

m.2 

m .o 

80.8 

s 
2 h  ;""I' C U  

19,675 

18.634 
18,818 

17.520 

16,152 
16.855 

16,762 
17.47l 
16.418 
26.001 

14 192 
14,941 

l3:40& 
14,021 
lS.309 
12.774 
12,388 Ll.gO0 
10,902 

10,666 
11,074 

9,924 

8.945 
9,456 

8.723 

T.4S1 
7.850 

7,252 
7.147 
6.877 
6.&1 
5.5ll 
5.419 
5,441 
4,992 
4.795 

4% 
5.246 
5.545 

4.477 
6.130 

4 , 4 s 7  
4.487 
4,418 

4.586 
4.268 

1.915 
4,056 
3,795 
4.541 
4,425 
3,979 
3.724 
5.582 
3,610 
3,629 
9,116 

2.934 
2 . 8 u  

5.168 
2.989 

2.685 
2.760 

2.536 

3.015 
2.578 

2,882 
2.495 
2,322 
2.320 

LU3L 

- 
2 
I 
3 .  
:Le 
3 .  
c 

1" g - 
95.2 

97.4 
98.4 

98.2 
97.6 
98 -1 
97.0 
98.1 
96.9 
97.6 

95.5 
96.0 

98.3 

95.5 
85.6 

95 J 
94.5 
93 -5 
93.8 
s s . 7  
95.6 
92.3 

91.9 
92.8 

95.8 

88.8 
91.5 

68 -1 
86.8 
90.8 

81.0 
90.1 

83.9 
78 .O 

81.7 
78.9 

e4.4 e+ 
93.7 
92.6 
90.6 
93 -4 

90.7 
91.8 

93.4 
91.1 

88.9 
93 -8 

89.1 
92.0 
89.8 
91 -2 
as .O 
87.4 
86.2 
64.5 
Bs.1 

79.4 
05.4 
82.3 
78.8 
77 -7 
78.6 
78.1 
76.5 
m . 7  
B1.0 
78 .s 
76 .5 
77.0 
u 

81.5 

12.17 

12-08 

11.17 
11.39 

12.09 

10.67 
10.60 

1o.x) 
10 A 9  

10.28 
9.88 
LD.60 
10.63 
10 -59 
10 " 
10.48 
10.60 
ll.00 
10.80 

11.17 
u;w 
10.78 
10.54 
10 -41 
11-53 

10.69 
l l . 1 7  

l l . 1 7  
11 -04 

10.82 
ll.55 

9.07 
l l . 1 7  
10 -16 

u . 8 2  

lo -98 

%- 
9.97 

10.51 
9.86 

ls.ll 8 -38 

12.w 
ll .05 
10.07 

9.56 
12-45 
ll.36 
10 -50 
12.46 
l l . 9 2  
9-91 

10.19 

u . 9 7  
.9-75  

11 .us 
10.42 
10.87 

ll.U 
9 -65 

IO .m 
10.20 
10.55 

LO -14 
8.19 

9 -44 
8.77 
8.06 
Lle 

u -48 

7.70 

isui ..w 
.0&7 
.041 
.047 
-055 
- 0 4 9  
.WE .w 
- 0 4 5  
. O M  

"7 
.046 
.w 
.a46 
-047 
-048 
-050 .055 
.a47 
.w 
io48 
.OS1 .a54 .os5 
.os1 
-046 

.OS1 

.05l 

.OS4 

.OS5 

a 4 2  
.a42 

.w 

.046 
,046 

% 
.OS9 
-039 
.041 .os 
.OM . a 7  

.a43 
-041 
.OS9 
.E4 
.a47 
-048 

"1 
-04s 
.044 .OM 
-047 
.a43 
*042 
-046 

.a49 

.049 

-041 
-045 

-043 
.052 
-065 
.os2 .as4 .055 
.a42 
.043 
.023 

Ksl 
.-I t 6 
H - 
2.568 
2.547 

2 .m 
2.697 
2.787 
2.663 
3.m4 
2 .4I l  
2.465 

2.655 
2.556 

2.776 
2.924 

2.412 
2 .3a  

2.485 
2.959 
2.652 
2.758 
2.189 
2 . S 4  
2'.295 
2.551 
2 -462 
2.479 

1.979 
1.928 

2.013 

2.054 
2.055 

2.156 
1.651 
1.537 
1.592 
1.554 
1.562 g 
2.254 
2.4 l9  
2.552 
2.771 
2.473 
2.532 
2.552 
2.667 
2.687 
2.728 

2.501 
2.869 

2 s  
2.597 
2 . 6 l l  
2.782 

2 -292 
2.277 

2.608 
2.482 

2.674 
2.189 
2  -287 
2.355 
2.480 
2.464 
2.508 
1.788 
1.861 
1.Spz 
2.004 
2 . U 6  

2.717 

0.MO 

g :  r l :  u ut Qe I 1 -  4 

- 
82.8 
83.6 
82.5 
85.5 
BL.0 
e4 -8 
82.1 

85.1 
85.5 

84.2 
84 -5 
BL -3 
84 -4 

82.7 

83 .2  
85.8 

82.5 

85 -3 
81 -6 

83.8 
82;2 

w .1 
85.6 
78 -4 
80.9 
80 -9 
77.0 
81.2 
BI .S 
76.1 
64.9 
80 .O 
76 -8  
75 -6 

82.2 

92.8 

%& 
93 -6 
94.1 
80.9 
83.9 
8P.7 
82.9 
82.9 
83.2 
83.1 
81.1 
81.3 

85 -4 
85 -0 

85.5 

84 -5 
85.7 

84.8 
82.9 
80 -4 
79.1 

m.2 
78 .I 

78.7 
76.5 
81.5 
80.0 
e5 .S 
81 -5 
94 -4 
92.3 
88.7 
87.4 
86 -0 
BS.0 

E253 4Lll 
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F i g u r e  2. - Cross aect im of turbojet-engine iastallaticm 6hmiUg 6ectiollS a t  which campanent i-htim 
was installta. 
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0 
(a) Scheduled variation; standard  i n l e t  temperature. 

3.0 

2.6 

2.2 
4000 5000 6000 7000 8000 9000 10,000 

Corrected  engine e p e d ,  N/*, rpm 

(b)  Experimental variation at a flight Wch number of 0.19. 

Figure 4. - Variation of exhaust-nozzle area with al t i tude and corrected 
engine  speed on electronic control schedule. 
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0 20 40 60 80 100 
Corrected a i r  flow, Wa, l f i / 61 ,  Ib/sec 

(a) Relation  betveen  corrected air  flow and pressure ratio. 

Figure 5. - Effect of altitude on compressor  operating  lines3  flight 
BIach number, 0.191 engine on .electronic control schedule. 
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(a) Relation between corrected air flow and pressure  ratio. 

Figure 6.  - Effect of f l igh t  MBch number on compressor operating  UneSJ 
alt i tude 25,000 feet? engine on electronic  control schedule. 
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(b) Relation betveen ceirrected air f l o w  md corrected engine speed. 

Figure 6 .  - Concluded. EfYcct of flight Wch n m h r  on campr$eeor operating 1ineS) 
altitude 25,ooO feeti engine on electronic control .schedule. 
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(b) of flight fkch rrumberi altitude .&,oOO feet. 

Figure 7. - Effect of corrected engine speed an& flight condition on congressor 
efficiency; engine on electronic control schedule. 
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(a) Effect on compreesor efficiency. 
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~ ~ 

.2 .4 e 6  .0 1.0 
~~~~ ~ ~ ~ 

Reynolds number index S b l / B  

(b) Effect on corrected air f l o w .  

Figure 8. - Effect of Reynolds number index on 
conpressor performance. 



(a) Effect of al t i tude;  f l ight Wch number 0.19. 
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4000 5000 ' 6000 7000 . 8000 9000 
Corrected  engine speed, N/*, rpn 

(b) Effect of Mach nuuiber a l t i tude 25,000 feet. 

Figure 9. - Effect o f  ffight conditions on combuetion efficiencyi 
engine on electronic  control schedule. 
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(a) Altitude 15,000 feet. 

2.0 2.2 2.4 2.6 2.8  3.0 3.2 
Exhaust-nozzle area, A, sq ft 

{b) Altitude 45,000 feet. 

Figure 10. - Effect of exhaust-nozzle  area on combustion  efficiency) 
flight Mach number, 0.19. , 
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P 

Corrected engine speed, X/*, r p n  

Figure ll. - Effect of altitude on combustion efficiency: 
nrodified combustors1 flight Mach number, 0.19; engine 
on electronic  control schedule. 
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Figure 12. - Comparison of original  and modified conibustion-chamber performance. . 
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(a)  Turbine  efficiency. 

Figure 14. - Variation of turbine-performence  parameters with 
altitude  and  corrected  engine speedr flight Mach number, 0.191 
engine on electronic  control  schedule. - 
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- (b) Correct@ turbine-inlet temperature. 

Corrected  engine  speed, IT/*, ~-pn 

(c) Corrected turbine speed. 

Figure 14. - Continued. Variation of turbine-perfonaance parameters 
with altitude and corrected engine speedj flight Mach  number, 0.191 
engine on electronic control schedule. 
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(e)  Corrected  turbine gas flow. 

Figme 14.' - Concluded. Variation of  turbine-performance ~ e t e r s  I 

with   a l t i tude  and corrected  engine speedj f l i g h t  a c h  number,. 0.191 
engine on electronic  control  schedule. 
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